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(57) Abstract 

A first inflatable retraction device has a 
first inflatable chamber (5) and a non-pressur- 
ized chamber (13) inside the main chamber. 
The non-pressurized chamber is expanded by 
inflating a second inflatable chamber (25). 
The non-pressurized chamber enables the 
main chamber to remain inflated when an ap- 
erture is cut in the envelope of the main cham- 
ber, through which treatment is carried out. A 
second inflatable retraction device has an in- 
flatable retractor (103) and a maintainer (107). 
The inflatable retractor retracts the organ and 
the maintainer maintains the organ in its re- 
tracted condition after the inflatable retractor 
is deflated. The maintainer can be inflatable, 
and can be inside or outside the inflatable re- 
tractor. A self-retracting endoscope (201) has 
an optical assembly with an expandable re- 
tractor (21 1) fitted to its distal end. The distal 
end of the endoscope is inserted into the body 
with the retractor in a collapsed condition. The 
retractor is then expanded to retract organs 
that would otherwise obstruct the view from the distal end of the optical assembly. After observations are complete, the retractor 
is returned to its collapsed condition. An insertion tube (243) enables cylindrical objects, such as packaged inflatable retraction 
devices, to be pulled, instead of pushed, into the body. The additional chamber of an inflatable retraction device having two in- 
flatable chambers is filled with a slurry of a particulate solid in a liquid. The liquid is removed and the additional chamber evacu- 
ated to consolidate the particulate solid. This increases the retracting strength of the additional chamber. 
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INTERNATIONAL APPLICATION UNDER THE 
PATENT COOPERATION TREATY 

APPLICATION FOR PATENT 



Inventors: Frederic H. Moll, and 
Albert K. Chin 

Field of the Invention 

The invention relates to devices for use in laparoscopic surgery, in particular, 
to devices that provide retraction of an organ to gain access to treat or observe 
a tissue. 

5 Background of the Invention 

Laparoscopy dates back to the turn of the 20th Century. Early laparoscopic 
techniques were used primarily for diagnostic purposes to view the internal organs, 
without the necessity of conventional surgery. Since the 1930s, laparoscopy has 
been used for sterilization and, more recently, for suturing hernias. U.S. Patents 
10 4,919,152 and 4,944,443 are concerned with techniques for suturing hernias. 
Another recent innovation is the use of laparoscopic surgery for removing the 
gallbladder. 

United States Patent Application Serial No. 706,781, the application of which 
this application is a Continuation-in-Part, describes an apparatus and method 

15 wherein the abdominal wall is lifted away from the underlying abdominal organs 
by an inflatable device which is introduced laparoscopically and, once in place, 
inflated to engage and lift an extensive area of the abdominal wall. 

Even when such lifting techniques are used, it is still necessaiy to retract other 
organs to gain access to the organ or tissue to be treated or observed. In other 

20 procedures, to gain access to the organ or tissue to be treated or observed, the 
organ to be treated must be separated from tissue surrounding it. To obtain the 
necessaiy retraction, current laparoscopic procedures use several small metal or 
plastic retractors inserted though a plurality of incisions. Because such retractors 
have a relatively small surface area, they tend to damage and/or cause trauma 
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to the retracted organs or tissue. Moreover, the requirement for a plurality of 
incisions to heal may delay the patient's recovery. 

United States Patent Application Serial No. 794,590 (the "prior application"), 
of which this application is also a Continuation-in-Part, describes a number of 
5 retraction devices that are introduced into the body in a collapsed condition and, 
once in place, are expanded by inflating a main inflatable chamber, to retract 
organs or tissues and to provide access to the organ or tissue being treated. The 
retraction devices described in the application provide a relatively large surface 
area to the organ or tissue being retracted so that retraction can take place with 
10 a minim al risk of damage to the retracted organ or tissue. These relatively large 
retraction devices include auxiliary means for maintaining their shape after 
inflation, such as an additional second inflatable chamber having a cage-like 
structure, or a spring cage arrangement. These auxiliary means enable retraction 
to be maintained after the main inflatable chamber has been deflated by cutting 
15 apertures in it to gain access through the retraction device to treat the organ or 
tissue being treated. 

The retraction devices described in the prior application provide a significant 
improvement in providing access to the organ or tissue being treated during 
laparoscopic surgery. Nevertheless, such devices have problems. When an 
20 inflatable retraction device with an auxiliary cage structure providing a retraction 
effect equivalent to that of the main chamber is in its collapsed state, its envelope 
has a significant bulk. The bulk of a retraction device in its collapsed state will 
be called the "collapsed bulk" of the retraction device. An inflatable retraction 
device that has a large collapsed bulk is difficult to package in its collapsed state 
25 so that it can be inserted into the body through a narrow trocar tube (14 mm or 
less in diameter). Even when the package can be made small enough, it can be 
a tight fit in the trocar tube, and pushing such tight-fitting packages through the 
trocar tube is difficult The package tends to buckle when pushed, and 
consequently jams in the tube. Less bulky retraction devices are therefore 
30 desirable. 

It is also desirable to have a self-retracting endoscope to simplify endoscopic 
observation procedures. 
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Summary of the Invention 

In the following description, the word "organ" will be used to mean an organ 
or a tissue that is retracted by a retraction device. The word "treat" will be used 
to mean both treat and observe, and the word "treatment" will be used to mean 
5 both treatment and observation. The word "tissue" or the phrase "tissue to be 
treated" will both be used to mean the organ or the tissue that is treated through 
or inside a retraction device. 

An inflatable retraction device according to the first aspect of the invention 
has a first inflatable chamber that retracts the organ when the first inflatable 
10 chamber is inflated to an expanded condition. The first inflatable chamber has 
a first envelope. The inflatable retraction device also includes a device that 
inflates the first inflatable chamber into an expanded condition while in place in 
the body. Inside the main inflatable chamber is a non-pressurized chamber that 
has a second envelope attached to part of the first envelope. The inflatable 
15 retraction device also has a second inflatable chamber attached to the non- 
pressurized chamber that expands the non-pressurized chamber into an expanded 
condition when the second inflatable chamber is inflated. Finally, the inflatable 
retraction device includes a device that inflates the second inflatable chamber. 
The first inflatable chamber is inflated to retract the organ, and then remains 
20 inflated, and continues to provide retraction, throughout the treatment procedure. 
The tissue is treated through an aperture in the part of the first envelope 
covered by the non-pressurized chamber. Instruments are passed from outside the 
body through a gas-tight port into the first inflatable chamber. From the first 
inflatable chamber, the instruments pass into the non-pressurized chamber through 
25 a port that seals around each instrument, and is self-sealing when the instrument 
is withdrawn. This maintains the first inflatable chamber in its inflated state. 
Alternatively, all or part of the envelope of the non-pressurized chamber can be 
made of an elastomeric material that seals around an instrument passed through 
it, and is self-sealing when the instrument is withdrawn. As a third alternative, 
30 instruments can be passed from outside the body through a duct connecting to the 
non-pressurized chamber. 

The collapsed bulk of an inflatable retraction device according to the first 
aspect of the invention is less than that of an equivalently-sized inflatable 
retraction device of the types described in the prior application. This is because 
35 the volume the envelopes of the non-pressurized chamber and the second 
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inflatable chamber is less than the volume of the envelope of the additional 
chamber of the types of inflatable retraction device previously described. 

In a first method according to the invention of using an inflatable retraction 
device according to the first aspect of the invention to retract an organ inside the 
5 body to gain access to an adjacent tissue, the inflatable retraction device is placed 
in a collapsed state adjacent to the tissue. The first inflatable chamber is inflated 
into an expanded condition to retract the organ, and the second inflatable 
chamber is inflated to expand the non-pressurized chamber into an expanded 
condition. 

10 In a second method according to the invention of using an inflatable retraction 
device according to the first aspect of the invention to retract an organ inside the 
body to gain access to an adjacent tissue, the inflatable retraction device in a 
collapsed condition is secured to an endoscope adjacent to the distal end of the 
endoscope. The distal end of the endoscope, together with the inflatable 

15 retraction device is inserted into the body and moved towards the tissue. The 
second inflatable chamber of the inflatable retraction device is at least partially 
inflated to expand the non-pressurized chamber into an expanded condition. This 
also expands the first inflatable chamber into a partially-expanded condition. The 
endoscope is manipulated while observing through the endoscope to place the at 

20 least partially expanded non-pressurized chamber adjacent to -the tissue. Finally, 
the first inflatable chamber is inflated into a fully-expanded condition to retract 
the organ. The second method enables the part of the envelope of the first 
inflatable chamber covered by the non-pressurized chamber to be placed 
accurately relative to the organ to be treated. 

25 An inflatable retraction device according to a second aspect of the invention 
has a main chamber that has an envelope of an elastomeric material. The main 
chamber is inflated while in place within the body to retract the organ into a 
retracted condition. The inflatable retraction device also includes a maintainer 
that maintains the organ in its retracted condition after <he main chamber is 

30 deflated. Using an elastomeric material for the envelope of the main inflatable 
chamber enables the collapsed bulk of the main chamber, and hence the collapsed 
bulk of the inflatable retraction device as a whole, to be reduced compared with 
an inflatable retraction device having the same inflated size made from a 
substantially inelastic material. 
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In . a first variation on the inflatable retraction device according to the second 
aspect of the invention, the maintainer is an additional inflatable chamber that 
has a cage-like structure and is independent of the main inflatable chamber. The 
main inflatable chamber is removed once the additional inflatable chamber is 
5 inflated and the tissue is treated using instruments passed through the maintainer. 
The additional inflatable chamber is preferably deployed on the outside of the 
main inflatable chamber, but can be deployed inside the main inflatable chamber. 

In a second variation, the maintainer is a cage-like structure of a malleable 
metal or plastic deployed on the outside of the main inflatable chamber. The 

10 cage-like structure is expanded into an expanded condition by inflating the main 
inflatable chamber. Once the cage is in its expanded condition, the main 
inflatable chamber can be deflated and removed, and the cage maintains the 
organ in its retracted condition. 

In a method according to the invention of using an inflatable retraction device 

15 according to the second aspect of the invention, the maintainer and the main 
inflatable chamber are assembled together and packaged in a collapsed state. 
The maintainer and main inflatable chamber assembly is inserted into the body 
and placed adjacent to the organ. The main inflatable chamber is inflated to 
retract the organ into a retracted condition. The maintainer is expanded to 

20 maintain the organ in its retracted condition and the main inflatable chamber is 
deflated. 

The collapsed bulk of the inflatable retraction devices described in the present 
application and in the prior application can be reduced by making the additional 
inflatable chamber smaller. If the additional inflatable chamber is to provide a 

25 given retracting force, it can only be made smaller if its strength is increased. In 
a method according to the third aspect of the invention, the strength of the 
additional inflatable chamber is increased by filling it with a solid instead of a 
fluid. In the method according to the third aspect of the invention, the main 
chamber of an inflatable retraction device is inflated. The additional inflatable 

30 chamber of the inflatable retraction device is then filled with a sluny comprising 
a particulate solid in a liquid. After the additional inflatable chamber has been 
filled with the slurry, the liquid component of the slurry -is removed from the 
additional inflatable chamber, leaving the particulate solid behind. Finally, the 
particulate solid is compacted to form a rigid structure in the additional inflatable 

35 chamber. In the preferred embodiment, the particulate solid is compacted by 
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evacuating the additional inflatable chamber. Alternative ways of compacting the 
particulate solid include heating and cooling the solid. 

A self-retracting endoscope according to the fourth aspect of the invention 
enables endoscopic observations to be carried out inside the body without the 
5 need for a separate retraction device. According to the fourth aspect of the 
invention, a self-retracting endoscope for observing a tissue inside the body 
includes an optical device for observing the tissue. The optical device has a 
substantially cylindrical structure, and a distal end that is inserted into the body 
through an incision. The self-retracting endoscope also includes a retractor that 
10 is expandable to retract organs adjacent to the tissue that would otherwise 
obstruct the view of the tissue. The retractor is attached to the optical device 
adjacent to the distal end of the optical device and is in a collapsed state when 
the distal end of the optical device is inserted into the body. The retractor is 
expanded once the distal end of the optical device is inside the body, adjacent to 
15 the tissue to be observed. In the preferred embodiment, the retractor is 
inflatable, and is expanded by inflating it 

The fifth aspect of the invention enables a substantially cylindrical object, such 
as an inflatable retraction device in its collapsed state, to be inserted into the 
body without buckling or jamming. An insertion tube according to the fifth aspect 
20 of the invention comprises an elongate tubular member having a bore. The 
bore receives the object, such as the collapsed inflatable retraction device, at its 
proximal end. A string passes from the proximal end to the distal end of the 
tubular member inside the bore and returns to the proximal end of the tubular 
member. The string passing inside the bore is capable of attachment to the 
25 proximal end of the object. 

In a method according to the invention of using the insertion tube according 
to the fifth aspect of the invention, the string passing inside the bore is attached 
to the proximal end of the object, and the distal end of the object is inserted into 
the proximal end of the bore of the tubular member. The distal end of the 
30 tubular member is inserted into the body. The string returning to the proximal 
end of the tubular member is pulled to draw the object through the bore of the 
tubular member. 
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Brief Description of the Drawings 

Figure 1 shows a cross sectional view of a Type IIIA inflatable retraction 
device according to a first aspect of the invention in its inflated condition in the 
abdomen. 

5 Figure 2A is a cross sectional view showing details of the non-pressurized 
chamber and the second inflatable chamber of a Type mA inflatable retraction 
device according to a first aspect of the invention. 

Figure 2B is a cross sectional view showing a version of the non-pressurized 
chamber in which the part of its envelope contacting the envelope of the first 
10 inflatable chamber is removed. 

Figure 3A is a cross sectional view showing the non-pressurized chamber and 
the second inflatable chamber of a Type IIIA inflatable retraction device 
according to a first aspect of the invention in which the second inflatable chamber 
is inside the non-pressurized chamber and has its own envelope. 
15 Figure 3B is a cross sectional view showing the non-pressurized chamber and 
the second inflatable chamber of a Type IIIA inflatable retraction device 
according to a first aspect of the invention in which the second inflatable chamber 
is outside the non-pressurized chamber and has its own envelope. 

Figure 4 is a cross sectional view of a Type IIIA inflatable retraction device 
20 according to a first aspect of the invention in its inflated condition in the 
abdomen and having ducts through which instruments can be inserted into the 
non-pressurized chamber from outside the inflatable retraction device. 

Figure 5 is a cross sectional view of a Type IIIB inflatable retraction device 
according to a first aspect of the invention in its inflated condition in the 
25 abdomen. 

Figures 6A through 6C show cross sectional views of the abdomen including 
the bowel, the liver, and the gall bladder to illustrate a first method according to 
the invention of using a type IIIA or a type IHB inflatable retraction device 
according to the invention to retract the bowel and lift the liver to gain access 
30 to treat the gall bladder: 

Figure 6A shows a packaged Type IDA inflatable retraction device in its 
collapsed state inserted into the abdomen. 

Figure 6B shows the Type IIIA inflatable retraction device following 
inflation of the first inflatable chamber to retract the bowel, lift the liver, and 
35 gain access to the gall bladder. 
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Figure 6C shows the Type mA inflatable retraction device following 
inflation of its second inflatable chamber. An endoscope and a cutting 
instrument has been inserted into the non-pressurized chamber to cut an 
aperture in the envelope of the main inflatable chamber through which to 
5 treat the gall bladder. 

Figures 7A through 7E illustrate a second method according to the invention 
of using a type TTTA or a type IIIB inflatable retraction device according to the 
invention to retract an organ: 

Figure 7A is a cross sectional view of a partially inflated Type IDA 
10 inflatable retraction device according to a first aspect of the invention being 
attached to an endoscope prior to packaging the inflatable retraction device. 

Figures 7B through 7E show cross sectional views of the abdomen including 
the bowel, the liver, and the gall bladder: 

Figure 7B shows a packaged Type mA inflatable retraction device attached 
15 in a collapsed state to an endoscope prior to insertion into the abdomen. 

Figure 7C shows the packaged Type IHA inflatable retraction device 
attached in a collapsed state to an endoscope after it has been inserted into 
the abdomen and the distal end of the endoscope has been placed adjacent 
to the gall bladder. 

20 Figure 7D shows the Type IHA inflatable retraction device attached to an 

endoscope after the second inflatable chamber has been inflated, and the 
endoscope has been manipulated to align the treatment window in the second 
inflatable chamber with the gall bladder. 

Figure 7E shows the Type IHA inflatable retraction device attached to an 
25 endoscope after the first inflatable chamber has been inflated to retract the 
bowel, lift the liver, and provide access to treat the gall bladder. 
Figure 8A is a schematic representation of a Type IV inflatable retraction 
device according to a second aspect of the invention. 

Figure 8B is a perspective view of a Type IVA inflatable retraction device 
30 according to a second aspect of the invention having an external inflatable 
maintainer. 

Figure 8C is a cut-away perspective view of a Type IVA inflatable retraction 
device according to a second aspect of the invention having an internal inflatable 
maintainer. 
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Figure 9A shows a Type IVA inflatable retraction device with an inflatable 
maintainer according to the invention in its packaged state prior to insertion into 
the body. 

Figures 9B through 9E show cross sectional views of the abdomen including 
5 the bowel, the liver, and the gall bladder to illustrate the method according to the 
invention of using a T^pe IVA inflatable retraction device with an inflatable 
maintainer according to the invention to retract the bowel and lift the liver to 
gain access to treat the gall bladder: 

Figure 9B shows a Type IVA inflatable retraction device after the main 
10 inflatable chamber has been inflated to retract the bowel and lift the liver to 
provide access to treat the gall bladder. 

Figure 9C shows the Type IVA inflatable retraction device after the 
maintainer has been inflated. 

Figure 9D shows the Type IVA inflatable retraction device after the main 
15 inflatable chamber has been deflated. 

Figure 9E shows the inflatable maintainer of a Type IVA inflatable 
retraction device in place in the abdomen maintaining the bowel in its 
retracted condition and the liver in its lifted condition after the inflatable 
retractor has been removed from the abdomen. 
20 Figures 10A through 10E illustrate a Type IVB inflatable retraction device 
according to a second aspect of the invention having a mechanical maintainer. 
Figure 10A is a perspective view of the maintainer. 
Figure 10B is a perspective view of the inflatable retractor. 
Figure 10C is a perspective view of the assembled Type IVB inflatable 
25 retraction device prior to insertion into the body. 

Figure 10D is a perspective view of the maintainer in its expanded 
condition following withdrawal of the inflatable retractor. 
Figures 11A through 11D show a vertical cross sectional view of a Type IA 
inflatable retraction device to illustrate the high-strength inflation method 
30 according to the invention. 

Figure 11A shows the inflatable retraction device after its additional 
inflatable chamber has been filled with a slurry of a particulate solid in a 
liquid. 

Figure 11B shows the inflatable retraction device after the liquid 
35 component of the sluny has been removed its additional inflatable chamber. 
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Figure 11C shows the inflatable retraction device after its additional 
inflatable chamber has been evacuated to consolidate the particulate solid. 

Figure 11D shows the inflatable retraction device fitted with an alternative 
provision for consolidating the particulate solid. 
5 Figures 12A through 12G illustrate a self-retracting endoscope according to a 
fourth aspect of the invention: 

Figure 12A is a perspective view of a self-retracting endoscope having an 
inflatable retractor comprising a stack of toroidal balloons. The inflatable 
retractor is shown in its expanded condition. 
10 Figure 12B is a cross sectional view of an alternative configuration of the 

inflatable retractor. 

Figure 12C is a perspective view of the self-retracting endoscope with its 
inflatable retractor in its collapsed condition. 

Figure 12D is a perspective view of a variation of the self-retracting 
15 endoscope having an inflatable retractor with the inflatable retractor in its 
collapsed conditioa This variation has a substantially constant diameter 
circular cross section and is especially suitable for use in insufflated body 
cavities. 

Figure 12E is a cross sectional view of the abdomen showing the bowel, 
20 the liver, the gall bladder, and the self-retracting endoscope with an inflatable 
retractor retracting the liver to observe the gall bladder. 

Figure 12F is a perspective view of a self-retracting endoscope according 
to the invention having a mechanical retractor with the mechanical retractor 
in its collapsed condition. 
25 Figure 12G is a perspective view of the self-retracting endoscope having a 

mechanical retractor with the mechanical retractor in its expanded condition. 
Figures 13A through 13C illustrate an insertion tube according to a fifth aspect 
of the invention: 

Figure 13A is a perspective view of a most basic insertion tube. 
30 Figure 13B is a perspective view of a less basic insertion tube having an 

eyelet 

Figure 13C is a perspective view of an improved version of the insertion 
tube haying an external narrow bore tube. 

Figure 13D is a perspective view of an improved version of the insertion 
35 tube having an internal narrow bore tube. 
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Detailed Description of the Invention 

1. Type m Inflatable Retraction Devices 

(a) Type IIIA Inflatable Retraction Device 
Figure 1 shows a vertical cross sectional view of a retraction device according 
5 to the first aspect of the invention. This type of retraction device has a second 
inflatable chamber that expands a non-pressurized chamber into an expanded 
condition when the second inflatable chamber is inflated, and will be designated 
as a Type HI retraction device. The Type HI inflatable retraction device shown 
in figure 1 with a segmented non-pressurized chamber will be designated as a 
10 Type IHA inflatable retraction device. The inflatable retraction device 1 is shown 
in its inflated condition. The inflatable retraction device 1 comprises a first 
envelope 3 enclosing a first inflatable chamber 5. Inside the first inflatable 
chamber 5 is the non-pressurized chamber 13, which is maintained in an expanded 
condition by the second inflatable chamber 25. 
15 The inflatable retraction device 1 is shown being used in the abdomen A to 
retract the bowel B, lift the liver L, and provide access to treat the gall bladder 
GB. After the inflatable retraction device 1 has been deployed, an aperture 4 is 
cut in the treatment window 6 to gain access to the gall bladder GB. The 
treatment window is the part of the first envelope 3 covered by the non- 
20 pressurized chamber 13. Alternatively, the inflatable retraction device 1 may be 
supplied with the aperture 4 already cut in the treatment window 6. The non- 
pressurized chamber 13, supported by the second inflatable chamber 25, isolates 
the aperture 4 from the first inflatable chamber 5. This enables the first 
inflatable chamber to remain inflated and to continue to provide retraction of the 
25 bowel B. Because of the aperture 4, the interior of the non-pressurized chamber 
13 is at atmospheric pressure, or, if the abdomen A is insufflated, at the ambient 
pressure of the abdomen. 

Instruments, such as the endoscope 33, pass into the first inflatable chamber 
5 through the gas-tight port 9 on the first inflation tube 7, and thence through the 
30 gas-tight port 31 into the non-pressurized chamber 13 to observe or to treat the 
gall bladder GB. Additionally or alternatively, instruments, such as the forceps 
34, can pass through the gas-tight port 32 into the first inflatable chamber, and 
thence through a gas-tight port, such as the port 36, into the non-pressurized 
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chamber. The gas-tight ports 9, 31, 32, and 36 enable the first inflatable chamber 
to remain inflated 

The first envelope 3 of the inflatable retraction device 1 can be made of a 
relatively inelastic and tough film of a plastic such as Mylar® or polyethylene. 
5 The preferred relatively inelastic material is a polyethylene and nylon composite 
with a thickness in the range from 0.5 to 5 mils (13 to 130 microns). Alternative- 
ly, the first envelope can be made of an elastomeric material such as latex, 
polyurethane, or silicone rubber with a thickness in the range from 0.5 to 5 mils 
(13 to 130 microns). 

10 The proximal end of a first inflation tube 7 is sealed into the first envelope 
3. The first inflation tube 7 allows an inflation gas to pass into and out of the 
first inflatable chamber 5. The inflation gas is typically air, nitrogen or carbon 
dioxide, although other suitable gases may be used. Typical inflation gas 
pressures are in the range 0.2 to 0.4 pounds per square inch (psi) (0.14 to 

15 028 kPa), the preferred pressure being 0.3 psi (0.21 kPa). The first inflation tube 
7 is provided with a gas-tight port 9 on its distal end, through which endoscopes 
and/or surgical instruments can be passed into the first inflatable chamber 5. 
The port 9 allows the inflation pressure of the first inflatable chamber 5 to be 
maintained when surgical instruments are passed through it 

20 The first envelope 3 of the Type IIIA inflatable retraction device can be a 
polyhedral structure constructed from two segmented, substantially flat pieces of 
material, which gives the inflatable retraction device a substantially polyhedral 
shape. Alternatively, the inflatable retraction device can be constructed from one 
or more curved pieces of plastic film, which gives the inflatable retraction device 

25 a substantially spherical, spheroidal, or ellipsoidal shape, as shown in figure 1. 

The size of inflatable retraction devices according to the invention can range 
from about 2" (50 mm) wide by about 0.5" (12 mm) high, for use inside the 
pericardium, to 10M4" (250-350 mm) wide by 4"-8" (100-200 mm) high, for use 
in the abdominal cavity. The size of inflatable retraction device required for a 

30 given application depends on the application and the size of the patient 

The second envelope 11, which bounds the non-pressurized chamber 13, is 
preferably made from substantially the same thickness of the -same material as the 
first envelope 3. However, in some applications it may be advantageous make the 
second envelope 11 using a different thickness of the same material as the first 

35 envelope, or using the same or a different thickness of a different material. 
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The second envelope 11 can be a polyhedral structure constructed from two 
segmented, substantially flat pieces of material, with the edges of the segments 
joined to give the non-pressurized chamber 13 a substantially polyhedral shape. 
Alternatively, the non-pressurized chamber 13 can be constructed from one or 
5 more curved pieces of material, which gives the non-pressurized chamber 13 a 
substantially spherical, spheroidal, or ellipsoidal shape. This form of construction 
is particularly appropriate if an elastomeric material is used for the second 
envelope 11. 

Despite its name, the non-pressurized chamber may be briefly inflated to assist 
10 in expanding it from its collapsed condition to its expanded condition against the 
pressure exerted on it by the first inflatable chamber 3. If the non-pressurized 
chamber is to be inflated, it is provided with the second inflation tube 15. 

The periphery 17 of the third envelope 19 is attached to the second envelope 
11. This is shown in detail in figure 2A. The third envelope is preferably 

15 attached to the inside surface 21 of the second envelope. The third envelope 19 
has a segmented shape such that, when its periphery 17 is attached to the second 
envelope 11, and the second inflatable chamber 25 formed between the second 
envelope 11 and the third envelope 19 is inflated, the second inflatable chamber 
25 forms a cage structure inside or outside the non-pressurized chamber 13. 

20 Figure 2A shows the second inflatable chamber 25 formed inside the non- 
pressurized chamber 13. Alternatively, the third envelope may be attached to the 
outside surface 23 of the second envelope as shown in figure 1. When the non- 
pressurized chamber 13 is a polyhedral structure, the cage structure of the second 
inflatable chamber is preferably formed on the faces of the polyhedron. 

25 The third inflation tube 35 allows an inflation gas to pass into and out of the 
second inflatable chamber 25. The inflation gas is typically air, nitrogen or 
carbon dioxide, although other suitable gases may be used. Typical inflation gas 
pressures are in the range 2 to 5 psi (1.4 to 3.5 kPa), the preferred pressure 
being 3.5 psi (2.4 kPa). The inflation gas pressure in the second inflatable 

30 chamber 25 is considerably higher than that in the first inflatable chamber 5 to 
enable the second inflatable chamber to exert sufficient force to support the non- 
pressurized chamber 13 against the pressure exerted on it by- the inflation pressure 
in the first inflatable chamber. 

In an embodiment of the Type 1HA retraction device designed for use in an 

35 insufflated body cavity, the second inflation tube 15, if fitted, and the third 



WO 92/21292 PCT/US92/04393 

14 

inflation tube 35 are contained within the first inflation tube 7, a shown in figure 
1. The outer wall of the first inflation tube 7 forms a gas-tight seal with the 
trocar tube or introducer sleeve through which the first inflation tube passes into 
the body. Alternatively, the three inflation tubes can all be mounted in a tube 
5 sheath that forms a gas-tight seal with the trocar tube or introducer sleeve 
through which the tube sheath passes into the body. 

Figure 2A shows the second inflatable chamber 25 formed between part of the 
second envelope 11 and the third envelope 19. Figures 3A and 3B illustrate an 
alternative embodiment in which the third envelope 19C is formed into a geodesic 

10 tubular structure that provides the envelope for the second inflatable chamber 
25C exclusively. In figure 3A, the second inflatable chamber 25C is formed 
inside the non-pressurized chamber 13C In this configuration, there is no need 
to attach the second inflatable chamber to the inside surface 21C of the second 
envelope 11C. In figure 3B, the second inflatable chamber 19D is attached to the 

15 outside surface 23D of the second envelope 11D. 

Although providing the second inflatable chamber with its own envelope, as 
shown in figure 3Q increases the volume of material used for the third envelope 
19C, it enables a considerably thinner material to be used for the second 
envelope 11C and thus gives in a overall reduction in the collapsed bulk of the 

20 inflatable retraction device. A thinner material can be used for the second 
envelope because the second envelope is subject only to the inflation pressure of 
the first inflatable chamber 5C, and is not subject to the much higher inflation 
pressure of the second inflatable chamber 25C. This alternative form of 
construction is especially preferred when an elastomeric material is used for at 

25 least part of the second envelope 11C. The foregoing also applies to the 
embodiment shown in figure 3D. 

Part of the outside surface 23 of the second envelope is attached to the inside 
surface 27 of the first envelope 3, as shown in figure 2A The part of the first 
envelope covered by the non-pressurized chamber 13 provides the treatment 

30 window* 6, The second envelope 11 may be left intact over the treatment window 
6, in which case there is a double thickness of material covering the treatment 
window 6, as shown in figure 2A Alternatively, as shown, in figure 2B, part of 
the second envelope 11B may be removed, such as one face of the polyhedron 
if the non-pressurized chamber is a polyhedron, to avoid a double thickness of 
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material over the treatment window 6B. In either case, the second envelope must 
be attached to the first envelope to form a gas-tight seal between them. 

The parts of the second envelope 11 not obstructed by the second inflatable 
chamber 25 provide a plurality of windows 29, as shown in figure 1. At least one 
5 of the windows is fitted with a port 31 which enables a surgical instrument to be 
passed from the first inflatable chamber 5 into the non-pressurized chamber 13* 
When an instrument, such as the endoscope 33, is passed through the port 31, 
the port forms a gas-tight seal with the instrument. When the instrument is 
withdrawn from the port 31, the port once more forms a gas-tight seal with itself. 

10 The port 31 provides a gas-tight access from the first inflatable chamber 5 to the 
non-pressurized chamber 13 that maintains the inflation pressure in the first 
inflatable chamber. The port 31 preferably includes a window of an elastomeric 
material such as latex, polyurethane, or silicone rubber. A slit may be pre-cut in 
the window to make it easier to pass instruments through the window. 

15 As an alternative to the port 31 shown in figure 1, an instrument may be 
passed directly through the window 29 if at least the part of the second envelope 
forming the window 29 is of an elastomeric material. 

Figure 4 shows an alternative to using some form of port between the first 
inflatable chamber and the non-pressurized chamber to allow a surgical instrument 

20 to be passed into the non-pressurized chamber. In figure 4, features similar to 
those in figure 1 are indicated by the same reference number with the letter "A" 
added. The inflatable retraction device 1A is provided with a duct 37, which is 
a tube of an inelastic plastic material similar to that which may be used for the 
first envelope 3A. The duct 37 is sealed into one of the windows 29A in the 

25 second envelope 11A, passes proximally through the first inflatable chamber 5A, 
is sealed through the first envelope 3A, and extends beyond the first envelope as 
shown. 

After the inflatable retraction device 1A has been deployed, an incision I is 
made in the abdominal wall BW, and the proximal end of the duct 37 is brought 

30 out through the incision I. The duct 37 provides a passage at atmospheric 
pressure through which a surgical instrument can be passed from outside the body 
directly into the non-pressurized chamber 13A, and thence to the gall bladder GB. 
This arrangement provides better feel for the surgeon because movement of the 
instrument is not restricted by the two gas-tight ports 9 and 31 (figure 1). 

35 However, the duct 37 must be fitted with a gas-tight port if the inflatable 
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retraction device 1A is used in an insufflated body cavity to prevent insufflation 
gas from leaking out through the duct Inflatable retraction devices according to 
the invention may have both ports and ducts. 

(b) Type IIIB Inflatable Retraction Device 
5 Figure 5 shows the Type IIIB inflatable retraction device 39, which is a 
variation on the Type mA inflatable retraction device having a different structure 
for the non-pressurized chamber and the second inflatable chamber. In figure 5, 
the first inflatable chamber 57 is substantially the same as the first inflatable 
chamber 5 shown in figure 1 and will therefore not be described further. The 
10 polyhedral or substantially spherical or spheroidal non-pressurized chamber 13 of 
figure 1 is replaced by a substantially cylindrical non-pressurized chamber 41. 

The part of the first envelope 55 of the first inflatable chamber covered by 
the non-pressurized chamber 41 provides a treatment window 60 in which an 
aperture 61 can be cut to gain access to the tissue being treated, in this example, 
15 the gall bladder GB. The non-pressurized chamber 41 enables the first inflatable 
chamber 57 to remain in its inflated state, and to continue to provide retraction, 
despite the presence of an aperture 61 in the treatment window 60. The non- 
pressurized chamber 41 is enclosed by part of the third envelope 51, the 
treatment window 60, and the diaphragm 59. The diaphragm is preferably made 
20 of an elastomeric material such as latex, polyurethane or silicone rubber. 

The second inflatable chamber 43 comprises a stack of toroidal balloons which 
is enclosed by the third envelope 51. A stack of three toroidal balloons 45, 47, 
and 49 is shown: a greater or lesser number of toroidal balloons can be used, 
depending on the application. The second inflatable chamber 43 is attached to 
25 the inner surface 53 of the first envelope 55 of the first inflatable chamber 57. 
The third envelope 51 of the inflatable retraction device 39 is made of a 
relatively inelastic and tough film of a plastic such as Mylar®, polyethylene, or 
polyurethane. The preferred material for the third envelope 51 is a polyethylene 
and nylon composite. The thickness of the third envelope 51 is typically from 0.5 
30 to 5 mils (13 to 130 microns). 

The non-pressurized chamber 41 can be briefly inflated by means of a second 
inflation tube (not shown) to assist its initial expansion, as already described. The 
second inflatable chamber 43 has a third inflation tube (not shown) sealed into 
it If a stack of toroidal balloons 45, 47, and 49 is used for the second inflatable 
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chamber 43, as shown in figure 5, they may simply be interconnected, and a single 
third inflation tube used. Alternatively, a third inflation tube may be fitted to 
each toroidal balloon to allow the height of the non-pressurized chamber to be 
adjusted by selectively inflating the balloons in the stack. In a further alternative, 
5 a single third inflation tube can feed a manifold leading to each balloon through 
a non-return valve. All balloons in the stack are inflated initially. The height of 
the non-pressurized chamber 41 can then be reduced by puncturing one or more 
of the balloons. 

The diaphragm 59 provides one large window through which an instrument, 
10 such as the endoscope 63, may be passed from the first inflatable chamber 57 into 
the non-pressurized chamber 41. Gas-tight seals must be provided around such 
instruments. Using an elastomeric material for the diaphragm 59, or using a 
substantially inelastic material for the diaphragm 59 and fitting a port 65, similar 
to the port 31 in figure 1 will provide suitable gas-tight seals. Alternatively, a 
15 duct, similar to the duct 37 of figure 4, can be used in the retraction device 39 
of figure 5, preferably attached to the diaphragm 59, to provide a passage at 
atmospheric pressure from outside the body through the first inflatable chamber 
to the non-pressurized chamber 41. 

(c) First Method of Use 

20 In the following description, the word "organ" will be used to mean an organ 
or a tissue that is retracted by the inflatable retraction device. The word "treat" 
will be used to mean both treat and observe, and the word "treatment" will be 
used to mean both treatment and observation. The word "tissue" or the phrase 
"tissue to be treated" will both be used to mean the organ or the tissue that is 

25 treated through or inside the retraction device. 

Figures 6A through 6C show cross sectional elevational views of the abdomen 
A to illustrate the method by which a Type IIIA inflatable retraction device 
according to the invention is used in the body to retract an organ within the body 
to gain access to treat a tissue. In the method illustrated in Figures 6A through 

30 6C, the inflatable retraction device is inserted into the abdomen A and is used 
to retract an organ, the bowel B, to gain access to treat a tissue, the gall bladder 
GB. The inflatable retraction device also lifts the liver L. The method according 
to the invention can also be used to deploy a Type IIIA inflatable retraction 
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device in other parts of the body, and to deploy a TyP e ^ inflatable retraction 
device in the same or in other parts of the body. 

The inflatable retraction device 1 is supplied in a collapsed state 91, as shown 
in figure 6A, in which it is tightly packaged in a configuration that makes it 
5 essentially a linear extension of the first inflation tube 7. The collapsed inflatable 
retraction device is introduced into the body by pushing it through a suitable 
introducer sleeve or trocar tube T that has been inserted through a suitable 
incision II in the body wall BW. Alternatively, an introducer tube according to 
the fourth aspect of the invention, to be described below, can be used. The 

10 trocar tube T is oriented so that, when the collapsed inflatable retraction device 
91 is ejected from the trocar tube T, it is located adjacent to the organ as shown. 
The location of the collapsed retraction device is checked by an endoscope S 
inserted into the body through a second incision 12. Once the collapsed retraction 
device 91 is correctly located, it is released from its packaging. 

15 The first inflation tube 7 is connected to a source of inflation gas (not shown) 
and the gas supply is slowly turned on to inflate the first inflatable chamber 5. 
The first inflatable chamber slowly expands, as shown in figure 6B, progressively 
retracting the bowel B and lifting the liver L as its size increases. Throughout 
the expansion process, the first inflatable chamber 5 presents a relatively large 

20 surface area to the bowel and the liver, and thus retracts the bowel and lifts the 
liver gently, progressively, and without trauma. Although the first inflatable 
chamber 5 retracts the bowel and lifts the liver gently, it is capable of exerting 
the force necessary to effect the retraction of the bowel and the lifting of the 
liver. 

25 Once the first inflatable chamber 5 has reached its fully-inflated condition, the 
position of the treatment window 6 relative to the tissue is checked by observation 
through the endoscope S and/or an endoscope (not shown) inserted into the first 
inflatable chamber 5 through the first inflation tube 7 and the gas-tight port 9. 
The tissue to be treated must be substantially centered in the treatment window 

30 6. If the inflatable retraction device 1 is supplied with the aperture 4 already cut 
in the treatment window 6, the aperture 4 must be substantially centered on the 
tissue to be treated, i.e., the gall bladder in this example. If the inflatable 
retraction device 1 is not correctly positioned, the inflation gas pressure is reduced 
slightly to partially deflate the first inflatable chamber and the inflatable retraction 
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device 1 is manipulated to correct its orientation. The first inflatable chamber 
5 is then reinflated. 

The non-pressurized chamber 13 is next expanded. The source of inflation gas 
(not shown) is connected to the second inflation tube 15 and the gas supply is 
5 slowly turned on to inflate the non-pressurized chamber 13 to its fully extended 
condition. An inflation pressure slightly greater than that used to inflate the first 
inflatable chamber 5 is used. The second inflation tube is clamped, and the 
source of inflation gas is transferred to the third inflation tube 35. The gas 
supply is slowly turned on to inflate the second inflatable chamber 25. An 
10 inflation pressure approximately ten times that used to inflate the first inflatable 
chamber is used. Once the second inflatable chamber is fully inflated, inflation 
pressure is released from the non-pressurized chamber 13. 

Temporarily inflating the non-pressurized chamber 13 before inflating the 
second inflatable chamber 25 is the preferred way of expanding the non- 
15 pressurized chamber. Inflating the non-pressurized chamber first makes it easier 
to inflate the second inflatable chamber, and enables the size of the second 
inflatable chamber to be reduced More force is required to expand the non- 
pressurized chamber 13 from a collapsed condition against the inflation pressure 
of the first inflatable chamber 5 than to maintain the non-pressurized chamber 
20 in an already-expanded condition against the inflation pressure of the first 
inflatable chamber. However, inflating the non-pressurized chamber is not 
essential, and the step of inflating the non-pressurized chamber can be omitted 
if desired. Inflation cannot be used to help expand the non-pressurized chamber 
if the inflatable retraction device 1 is supplied with the aperture 4 already cut in 
25 the treatment window 6. 

If the aperture 4 is already cut in the treatment window 6, treatment of the 
tissue can begin using one or more instruments passed through the gas-tight port 
9 and the first inflation tube 7 into the first inflatable chamber 5 and thence 
through the port 31 into the non-pressurized chamber 13. 
30 If the aperture 4 is to be cut in the treatment window 6, an endoscope 63 is 
passed through the port 9 and the first inflation tube 7 into the first inflatable 
chamber 5, and from the first inflatable chamber 5 through, the gas-tight port 31 
into the non-pressurized chamber 13. A cutting instrument 67 is then passed into 
the first inflatable chamber through the gas-tight port 69, and from the first 
35 inflatable chamber to the non-pressurized chamber through the gas-tight port 71. 
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The cutting instrument is then used to make a cut in, and possibly to remove part 
o£ the treatment window 6 to provide the aperture 4. If the second envelope 11 
covers the part of the first envelope cut or removed (see figure 2A), this part of 
the second envelope must also be cut or removed. 
5 The tissue to be treated is treated using instruments passed through ports such 
as the port 31 into the non-pressurized chamber 13. The instruments are then 
passed out of the non-pressurized chamber through the aperture 4 to treat the 
tissue. Alternatively, the tissue can be pulled into the non-pressurized chamber 
through the aperture 4 and the treatment can be carried out inside the non- 
10 pressurized chamber. The edges of the aperture 4 form a seal against the tissue 
and keep blood, debris, etc. safely inside the non-pressurized chamber, from 
whence they can easily be removed. 

If the inflatable retraction device is of the configuration shown in figure 4, and 
has a duct 37 instead of, or in addition to, the gas-tight port 31, the duct 37 is 
15 used to pass the endoscope 63 and the cutting instrument 67 into the non- 
pressurized chamber in the method described above. Alternatively, both ducts 
and ports can be used. 

The need for extensive manipulation of the inflatable retraction device 1 to 
center the treatment window 6 on the tissue being treated can be reduced by 
20 providing further non-pressurized chambers attached to the first envelope 3. Each 
non-pressurized chamber provides a differently-oriented treatment window and has 
its own second inflatable chamber. After the first inflatable chamber 5 is inflated, 
the one or more non-pressurized chambers that provide the most favourably 
aligned treatment windows relative to the tissue being treated are expanded as 
25 described above, and are used to provide access to treat the tissue. 

(d) Second Method of Use 
Figures 7B through 7E show cross sectional elevational views of the abdomen 
A to illustrate the second method according to the invention of using a l^pe mA 
inflatable retraction device according to the invention to retract the bowel B and 
30 lift the liver L to gain access to the gall bladder GB, as in the first method 
described above. The same method can be used with a- Type IHB inflatable 
retraction device, and the method can be adapted for use in connection with 
treating other tissues. 
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The first method of using a Type HI inflatable retraction device involves a 
tedious process to align the treatment window 6 with the tissue to be treated. 
The second method of using a Type HI inflatable retraction device simplifies 
aligning the inflatable retraction device 1 relative to the tissue to be treated. 
5 Before the inflatable retraction device 1 is inserted into the body, both the 
first inflatable chamber 5 and the second inflatable chamber 13 are partially 
inflated, and the inflatable retraction device is assembled with the endoscope 33 
as shown in figure 7A. The distal end of the endoscope 33 is inserted into the 
first inflatable chamber 5 through the first inflation tube 7 and the gas-tight port 
10 9. The distal end of the endoscope 33 is pushed through the gas-tight port 31 
into the non-pressurized chamber 13 and is centered in the treatment window 6. 
Alternatively, a gas-tight port specifically designed to seal with the endoscope 33 
can be incorporated into the second envelope 11 to receive the endoscope. The 
first and second inflatable chambers are then collapsed by evacuating them. 
15 The inflatable retraction device is then wrapped around the shaft of the 
endoscope 33, adjacent to the distal end of the endoscope as shown in figure 7B. 
If an aperture is already cut in the treatment window 6, the tip of the endoscope 
is exposed. Otherwise, the tip of the endoscope is covered by at least a layer of 
the first envelope 3, as shown in figure 7B. The collapsed inflatable retraction 
20 device 91 is held in position by detachable lacing 93. Alternatively, the collapsed 
inflatable retraction device can be held in position by a sleeve with detachable 
lacing, by a sleeve with a tear strip, or by another suitable method. The 
packaged assembly has an overall diameter of about 11 mm, which enables the 
package to fit through a 12 mm trocar tube. 
25 Before the assembly is inserted into the body, it may be necessary to insufflate 
the abdomen A temporarily to create space in which to maneuver the distal end 
of the endoscope/retractor assembly 95 into proximity with the tissue to be 
treated. Insufflation techniques are known and will not be described. The 
insufflated condition is indicated by the broken line marked A' in figure 7B. An 
30 incision II is made in the abdominal wall BW and a trocar tube T is driven 
through the wall. The endoscope/retractor assembly 95 is inserted into the 
abdomen through the trocar tube (and a gas-tight port P on the trocar tube if the 
body cavity is insufflated). While viewing through the endoscope 33, and, if 
desired, through an additional endoscope 63 inserted into the abdomen in the 
35 vicinity of the gall bladder GB through an additional incision 12, the endoscope 
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33 is manipulated to bring its distal end close to the gall bladder GB, as shown 
in figure 7C 

The inflatable retraction device 1 is then released from its packaging and the 
non-pressurized chamber 13 is expanded into its expanded condition as shown in 
5 figure 7D. If an aperture is not already cut in the treatment window 6, the non- 
pressurized chamber is preferably expanded by temporarily inflating it using the 
second inflation tube 15. The second inflatable chamber 25 is then inflated with 
inflation gas through the third inflation tube 35. If the aperture is already cut, 
or if the second inflation tube is not provided, the non-pressurized chamber is 
10 expanded by inflating the second inflation chamber 25 with inflation gas through 
the third inflation tube 35. With the non-pressurized chamber expanded, the 
endoscope 33 is then manipulated, while observing at least through the endoscope 
33, to center the treatment window 6 on the tissue to be treated, i.e., the gall 
bladder GB. The endoscope 33 is then clamped in position to hold the non- 
15 pressurized chamber in its correct location relative to the gall bladder when the 
first inflatable chamber is inflated 

The first inflation tube 7 is connected to the supply of inflation gas (not 
shown) and inflation pressure is slowly increased to expand the first inflatable 
chamber 5. The expanding first inflatable chamber gently retracts the bowel B, 
20 lifts the liver L, and provides a working space in front of the gall bladder GB, 
as shown in figure 7E. 

After the inflatable retraction device has been deployed according to the 
method just described, instruments are passed into the first inflatable chamber 5 
and thence into the non-pressurized chamber 13 to treat the gall bladder as 
25 described above. The method described above can also readily be adapted to 
deploy an inflatable retraction device with ducts, as shown in figure 4. 

2. Type IV Inflatable Retraction Devices 

Figure 8 A is a schematic representation of a basic Type IV inflatable 
retraction device according to the second aspect of the invention. The Type IV 
30 inflatable retraction device is shown in its expanded condition. The Type IV 
inflatable retraction device 101 has two main components, the inflatable retractor 
103 and the maintainer 107. Both the inflatable retractor and the maintainer are 
in a collapsed condition when the Type IV inflatable retraction device is inserted 
into the body. 
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The first main component of the Type IV inflatable retraction device, the 
inflatable retractor 103, has a main inflatable chamber 105 that is inflated to 
retract an organ into a retracted condition. The second main component, the 
maintainer 107 is expanded, at least partially by inflating the inflatable retractor, 
5 to maintain the retracted organ in its retracted condition and to allow the 
inflatable retractor 103 to be deflated and, possibly, removed. 

The structure of the inflatable retractor 103 does not permit instruments to 
pass through it to treat the tissue. The maintainer 107 has an open structure that 
enables instruments to pass through it to treat the tissue once the inflatable 
10 retractor 103 has been deflated and, possibly, removed. The maintainer 107 may 
have several different constructions that will be described below. 

(a) Type IVA Inflatable Retraction Device 
Figure 8B shows a Type IVA inflatable retraction device which has an 
inflatable maintainer 107A. The main inflatable chamber 105 of the inflatable 
15 retractor 103 is enclosed by a main envelope 109, which is preferably a balloon 
of a suitable elastomeric material such as latex, polyurethane, or silicone rubber. 
The size and shape of the main inflatable chamber 105 depends on the 
application. For a given inflated size, a main envelope made of an elastomeric 
material has considerably less collapsed bulk than a main envelope made of a 
20 non-elastic material, such as Mylar®, polyethylene, polyethylene/nylon composite, 
etc. Moreover, the main envelope of a Type IVA inflatable retraction device can 
be considerably lighter and thinner than the main envelope of a Type I retraction 
device because it need only remain inflated for a few minutes, and is subject to 
considerably lower pressures. The main inflatable chamber is inflated by an 
25 inflation gas passed through the main inflation tube 111. 

The inflatable maintainer 107A shown in figure 8B is a geodesic structure 
formed from a plurality of interconnected inflatable plastic tubes 113. The tubes 
113 are formed from a substantially inelastic plastic material such as Mylar® or 
polyethylene, or, preferably, a polyethylene/nylon composite. The tubes are 
30 interconnected so that their bores communicate, which enables the maintainer to 
be inflated by the single additional inflation tube 115. The size and shape of the 
tubes 113 depends on the application. For instance, a Type IV inflatable 
retractor suitable for retracting the bowel and lifting the liver to gain access to 
the gall bladder has a structure in which the tubes 113 are on the edges of a 
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dodecahedron in the range 8 M to 12" (20 to 30 cm across. Each tube is 0.4" to 
0.8" (10 to 20 mm) in diameter, and has a wall thickness in the range 4 to 10 
mil. (0.1 to 025 mm). 

(b) Type IVA Inflatable Retraction Device - Method of Use 
5 For insertion into the body, the Type IVA inflatable retraction device is 
packaged as follows. The main inflatable chamber 105 of the inflatable retractor 
103 is preferably lightly attached to the maintainer 107A before the inflatable 
retraction device 103 is packaged in its collapsed state. This is to ensure that the 
main inflatable chamber remains inside the maintainer when the main inflatable 
10 chamber is inflated. The main inflatable chamber and the maintainer are inflated 
with the main inflatable chamber inside the maintainer, and are attached to one 
another using a suitable adhesive, or by welding. 

The main inflatable chamber 105 and the maintainer 107A are then both 
evacuated to collapse them, and then are packaged to form an extension of the 

15 main inflation tube 111 and the additional inflation tube 115. The collapsed 
inflatable retraction device is held in its packaged condition by the sleeve 112 
with detachable lacing 114, as shown in figure 9A Alternatively, the coDapsed 
retraction device can be held in its collapsed condition by detachable lacing, by 
a sleeve with a tear strip, or by another suitable method. The packaged assembly 

20 has an overall diameter of about 11 mm, which enables the package to fit through 
a 12 mm trocar tube. 

Figures 9B through 9E illustrate the method according to the invention of 
using the Type IVA inflatable retraction device 101 in the abdomen A to retract 
the bowel B and to lift the liver L to gain access to treat the gall bladder GB. 

25 The method can also be used to treat other organs and tissues in the body. The 
packaged inflatable retraction device 101 is inserted into the body through a 
suitable trocar tube T and placed adjacent to the tissue to be treated, i.e., the gall 
bladder GB. The inflatable retraction device 101 is released from the sleeve 112 
by pulling on the detachable lacing 114 (figure 9A). The main inflation tube 111 

30 is connected to a source of inflation gas (not shown) and the inflation gas 
pressure is increased until the main inflatable chamber 105 begins to expand. 
When the main inflatable chamber expands, it gently retracts the bowel B and 
lifts the liver L, and also extends maintainer 107A over its surface, as shown in 
figure 9B. 
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When the main inflatable chamber 105 is expanded to the limits defined by 
the maintainer 107A, inflation is stopped, the first inflation tube 111 is clamped, 
and the source of inflation gas is transferred to the additional inflation tube 115. 
The maintainer is then inflated to a fully expanded condition, as shown in figure 
5 9C. This requires a pressure in the range 5 to 10 pounds per square inch (3.5 
to 7 kPa). 

Inflation of the maintainer 107A may be begun before the main inflatable 
chamber 105 is fully inflated, if desired. An endoscope can be introduced into 
the main inflatable chamber through a gas-tight port 117 on the main inflation 
10 tube 111 to check the position of the maintainer. If the maintainer obstructs 
access to the tissue to be treated, the partially inflated maintainer can be 
manipulated to change its position. The maintainer and the main inflatable 
chamber are then fully inflated. 

Once the maintainer 107A is fully inflated, the inflation pressure to the main 

15 inflatable chamber 105 is gradually released. During deflation of the main 
inflatable chamber, the structural integrity of the maintainer is observed to ensure 
that the maintainer retains the retracted organ in its retracted condition. 
Manipulation of the maintainer may be necessary to ensure that the organ 
remains adequately retracted. 

20 Deflating the main inflatable chamber 105 detaches it from the maintainer 
107A. Once the main inflatable chamber is fully deflated, as shown in figure 9D, 
it is evacuated to collapse it, and the inflatable retractor is removed from inside 
the maintainer, and removed from the body, leaving the maintainer alone to keep 
the bowel retracted and the liver lifted, as shown in figure 9E. 

25 The tissue is then treated using instruments passed into the body through 
suitable incisions in the body wall BW. The instruments are passed through the 
large windows between the inflatable tubes 113 of the maintainer. The 
m a in ta in er has no external envelope, so no time need be spent cutting apertures 
to gain access to the tissue to be treated. 

30 (c) Type WA Inflatable Retraction Device with Internal Inflatable Maintainer 

The Type IVA inflatable retraction device may also be packaged with an 
inflatable maintainer 107B inside the main inflatable chamber 105. An internal 
maintainer eliminates the risk of the main inflatable chamber 105 escaping from 
inside the maintainer 107B during inflation of the main inflatable chamber. 



WO 92/21292 PCT/US92/04393 

26 

Although the maintainer cannot escape from the main inflatable chamber, it is 
still desirable to attach the maintainer to the inside of the main envelope 109. 
Inflating the main inflatable chamber partially expands the maintainer 107B before 
it is inflated, which makes it easier to inflate the maintainer. The inflatable 
5 retraction device, with the main inflatable chamber in its inflated condition, is 
shown in figure SC. 

The internal maintainer variation of the Type IVA inflatable retraction device 
is deployed by the same method as the external maintainer variation described 
above. However, after inflation pressure has been removed from the main 

10 inflatable chamber 105, the main envelope 109 cannot simply be withdrawn from 
the outside of the maintainer. Instead, it must be cut up and removed. 
Alternatively and preferably, it is left in place during treatment, and apertures are 
cut in the main envelope through which treatment can be carried out Leaving 
the main envelope in place enables the tissue to be pulled through the aperture 

15 in the envelope and treated inside the main envelope. The aperture in the 
main envelope forms a seal around the tissue being treated, and blood, debris, 
eta are retained inside the main envelope, whence they can easily be removed 

(d) Type IVA Inflatable Retraction Device with Mechanical Maintainer 
The inflatable maintainer 107A of a Type IVA inflatable retraction device can 

20 be replaced by a mechanical maintainer having a bistable folding rib structure of 
metal, plastic, or some other suitable material. Inflating the main inflatable 
chamber retracts the organ, and also partially unfolds the ribs of the maintainer 
into an expanded condition as the main inflatable chamber expands. Inflating the 
main inflatable chamber further fully expands the maintainer by driving its ribs 

25 into a stable, over-center condition. When the inflation pressure in the main 
inflatable chamber is reduced, the ribs stay in their over-center condition. In this 
condition, the maintainer has structural integrity and can maintain the organ 
retracted by the main inflatable chamber in its retracted condition. 

The mechanical maintainer of a Type IVA inflatable retraction device is 

30 removed at the end of the treatment by dismantling it or cutting it up. 
Alternatively, an inflatable retractor can once more be placed inside the 
maint ainer and inflated to return the ribs from their over-center condition. The 
inflatable retractor is then deflated, which enables the maintainer, to collapse into 
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its folded condition. The maintainer is then removed in its folded condition along 
with the inflatable retractor. 



(e) Type IVB Inflatable Retraction Device 

The Type IVB inflatable retraction device uses the simple mechanical 
5 maintainer shown in figure 10A. The maintainer 107C comprises a first hub 133 
and a second hub 135 interconnected by a plurality of strips or wires 131 of a 
malleable metal or plastic. Aluminum or steel is preferred Alternatively, the 
maintainer can be made by making a number of longitudinal cuts almost from 
end-to-end of a tube of a suitable malleable material. The outside diameter of 
10 the maintainer 107C is about 11 mm, which enables it to pass easily through a 
12 mm introducer sleeve. 

In. figure 10B, the main inflatable chamber 105 of the inflatable retractor 103 
is preferably a balloon enclosed by a main envelope 109 of a suitable elastomeric 
material such as latex or silicone rubber. The size and shape of the main 
15 inflatable chamber 105 depends on the application. Using an elastomeric material 
for the main envelope enables an envelope of the required strength and inflated 
size to fit within the maintainer 107C The main inflatable chamber is inflated 
by an inflation gas passed through the main inflation tube 111. 

Before insertion into the body, the retractor 103 is assembled with the 
20 maintainer 107C, as shown in figure 10C. The main inflation tube 111 is 
temporarily attached to the maintainer to make a single unit for insertion. 

After the inflatable retraction device 101 is inserted into the body, the main 
inflatable chamber 105 is inflated by passing an inflation fluid through the 
inflation tube 111. The main inflatable chamber expands radially, which retracts 
25 the organ, and displaces the strips 131 of the maintainer radially outwards. This 
reduces the overall length of the maintainer. Figure 10D shows the shape of the 
maintainer in its expanded condition at the end of the inflation process. 

After the main inflatable chamber 105 is fully inflated, and the maintainer is 
in its expanded condition, as shown in figure 10D, the inflation pressure in the 
30 main inflatable chamber is released, and the main inflatable chamber returns to 
its collapsed condition. The maintainer 107C in its expanded condition is 
sufficiently strong to maintain the organ in its retracted condition. The main 
inflation tube 111 is then detached from the maintainer, and the retractor 103 is 
withdrawn from the body. The tissue is treated by instruments passing from 
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outside the body through the spaces between the strips 131 of the maintainer 
107G 

Alternatively, the main inflatable chamber 105 can be released from the end 
of the main inflation tube 111 and removed from the body. The main inflation 
5 tube is then used as a duct through which to pass instruments from outside the 
body to treat the tissue. The instruments pass from outside the body into the 
interior of the maintainer, and then pass through the spaces between the strips 
131 of the maintainer 107C to treat the tissue. 

3. High-Strength Inflating Method 

10 A method according to the third aspect of the invention for inflating Type X 
Type m, and Type IV inflatable retraction devices having a second or additional 
inflatable chamber (an "additional inflatable chamber") enables the collapsed bulk 
of such inflatable retraction devices to be reduced The additional inflatable 
chamber of any of the above-mentioned inflatable retraction devices relies on the 

15 rigidity of its envelope under inflation pressure for its strength. To provide the 
strength required, the additional inflatable chamber must have a relatively large 
cross sectional area and use a relatively high inflation pressure (about ten times 
that used in the main inflatable chamber). This in turn requires that the 
envelope of the additional inflatable chamber be relatively thick. The large area 

20 of relatively thick material required for the envelope of the additional inflatable 
chamber contributes significantly to the collapsed bulk of the inflatable retraction 
device. 

The method according to the invention of filling the additional inflatable 
chamber of an inflatable retraction device fills the additional inflatable chamber 

25 with a fluid that, once in place, is made rigid. This enables the whole cross 
sectional area of the additional inflatable chamber to contribute to the strength 
of the additional inflatable chamber. For a given strength, the cross-sectional 
area of the additional inflatable chamber can be reduced, and lower pressures can 
be used, which enables a smaller area of a thinner material to be used for the 

30 envelope of the additional inflatable chamber. This results in a useful reduction 
in the collapsed bulk of the additional inflatable chamber, and hence in the 
collapsed bulk of the inflatable retraction device as a whole. 

In inflatable retraction devices in which the envelope of the main inflatable 
chamber forms part of the envelope of the additional inflatable chamber, a 
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thinner material may also be used for the envelope of the main inflatable 
chamber, giving a further reduction in the collapsed bulk of the inflatable 
retraction device. 

In the method according to the invention, the main chamber of the inflatable 
5 retraction device is inflated in the normal way. The additional inflatable chamber 
is then filled with a slurry of a non-soluble particulate solid in a fluid. Preferably, 
the slurry is a slurry of glass beads in water. Beads in the range 0.040" to 0.080" 
(1 to 2 mm) in diameter are preferred. Alternatively, the beads can be of a 
suitable plastic, such as polycarbonate or acrylic. The additional inflatable 
10 chamber is preferably filled by evacuating it, and then pumping the slurry in to 
fill it 

The fluid is removed from the additional inflatable chamber, leaving the 
particulate solid behind. This is preferably done by inserting into the inflation 
tube a filter with a mesh small enough to trap the particulate solid while allowing 

15 the fluid to pass. The fluid is then pumped out through the filter. The 
particulate solid is then compacted by evacuating the additional inflatable 
chamber. With the additional chamber evacuated, ambient air pressure acting 
against the envelope of the additional inflatable chamber pushes the particulate 
solid together, and expels fluid from between the particles of the solid. This 

20 greatly increases the friction between the particles and allows the particles to bind 
together to form a pseudo-solid structure. 

Treatment is carried out working through the inflatable retraction device as 
normal. When treatment is complete, the vacuum is released, and fluid is 
pumped back into the additional chamber once more to wash the particulate solid 

25 out of the additional inflatable chamber and to allow the inflatable retraction 
device to be removed from the body. 

The method according to the invention is illustrated in figures 11A through 
11C, which show a polyhedral Type IA inflatable retraction device 301. The main 
inflatable chamber 303 is inflated with a suitable inflation gas passed through the 

30 main inflation tube 305 in the normal way. The additional inflation tube 307 for 
filling the additional inflatable chamber 309 is connected to the slurry filling 
apparatus 311. 

The slurry filling apparatus comprises a reservoir R for the slurry S. The 
slurry S comprises particles, such as the particle P, of a particulate solid in a 
35 liquid L. The reservoir R has a slurry outlet that is connected to the forward 
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inlet of the reversible pump P. The forward outlet of the reversible pump P is 
connected through the switchable filter F to the first port of the 2-way valve V. 
The second port of the 2-way valve V is connected to a vacuum line VAC The 
common port of the 2-way valve V is connected to the second inflation tube 307. 
5 The 2-way valve V is set to connect its first port to the common port and the 
filter F is set to its off position. The pump P is operated in its forward direction 
to pump the slurry S into the additional inflatable chamber 309. The inflatable 
retraction device 301 with its main inflatable chamber 303 inflated with inflation 
gas and its additional inflatable chamber filled with slurry S is shown in figure 
10 11A. The slurry S in the additional inflatable chamber comprises particles, such 
as the particle P, of a particulate solid in the liquid L 

The filter F is then switched to its on position and the pump P is reversed. 
The pump P pumps the slurry S out of the additional inflatable chamber 309, but 
the filter F traps the particles of the particulate solid component of the slurry 
15 remain inside the additional inflatable chamber, and only the liquid component 
L of the slurry S is returned to the reservoir R. The inflatable retraction device 
301 with its main inflatable chamber 303 inflated with inflation gas and its 
additional inflatable chamber filled with particles, such as the particle P, of the 
particulate solid component of the slurry is shown in figure 11B. 
20 The 2-way valve V is then set to connect its second port to its common port. 
This connects the vacuum line VAC to the additional inflation tube 307. The 
vacuum line VAC reduces the pressure inside the additional chamber 309. 
External pressure on the envelope of the additional chamber forces the envelope 
inwards and consolidates the particles of the particulate solid. Inflation pressure 
25 in the main inflatable chamber 303 is then released. Figure 11C shows the 
inflatable retraction device 301 after the additional inflatable chamber 309 has 
been evacuated. The particles, such as the particle P, of the particulate solid 
component of the slurry are compacted and provide the additional inflatable 
chamber 309 with considerably more strength than if the additional inflatable 
30 chamber were filled with an inflation gas. The main inflatable chamber 303 is 
in its depressurized state and an aperture 313 has been cut in the envelope of the 
main inflatable chamber to provide access to the organ to be treated. 

The 2-way valve V and the vacuum line VAC can be dispensed with if the 
pump P is capable of pulling a vacuum of more than x mm of mercury (kPa). 
35 The pump P is the left running after all the liquid has been removed from the 
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additional inflatable chamber 309 to reduce the pressure in the additional 
inflatable chamber and consolidate the particulate solid. 

With relatively small retraction devices, a large syringe can be used for the 
pump P and the reservoir R. The same or a different syringe can also be used 
5 to evacuate the additional inflatable chamber. 

Particulate solids other than glass beads can be compacted by heating them 
or cooling them. Moreover, with such particulate solids, it may not be necessary 
to remove the liquid component of the sluny before compacting takes place. 
Figure 11D shows the Type IA inflatable retraction device 321, which includes the 

10 inner pipe 309 running through the additional inflatable chamber 309. Once the 
additional inflatable chamber has been filled with the slurry, and the liquid 
component of the slurry removed, if necessary, a fluid at a suitable temperature 
is circulated through the inner pipe inlet 317, an inner pipe outlet (not shown), 
and the inner pipe 315. The temperature change caused by the fluid circulating 

15 in the inner pipe 315 consolidates the matter filling the additional inflatable 
chamber. If the particulate solid is consolidated by heating, a suitable electrical 
heating element can be substituted for the inner pipe 315. 

4. Self-Retracting Endoscope 

During endoscopic observation within the body, it is often impossible to see 
20 a wide enough area at one time because other organs or tissues obstruct the field 
of view of the endoscope. Retraction devices of the type described in this 
application, in the prior application, and elsewhere can be used to provide 
retraction and obtain an unobstructed view. The process of correctly positioning 
the retraction device, deploying it, opening up one or more observation windows, 
25 and removing the retraction device after the observations are complete is 
cumbersome. A self-retracting endoscope according to the fourth aspect of the 
invention provides local retraction in the vicinity of the distal end of the 
endoscope to provide an unobstructed wide field of view. 

(a) Inflatable Self-Retracting Endoscope 
30 An inflatable self-retraction endoscope 201 according to the invention is shown 
in figures 12A through 12D. The self retracting endoscope 201 comprises a 
substantially tubular optical assembly 203 and an inflatable retraction device 205. 
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The optical assembly 203 can be the same as the optical assembly used in known 
optical or video endoscopes. 

The inflatable retraction device 205 is attached to the outer surface 207 of the 
optical assembly 203, close to the distal end of the optical assembly. The 
5 inflatable retraction device 205 is provided with an inflation tube 209 through 
which it is inflated into the expanded condition shown in figure 12A, once inside 
the body. 

The inflatable retraction device, when inflated, is shaped like a hollow frustum 
of a cone having its narrow end towards the optical assembly 203. The shape of 
10 the inflatable retraction device 205 is designed such that it does not obstruct the 
peripheral view from the optical assembly 203 when the optical assembly is set 
to its widest viewing angle. 

In the preferred embodiment, the inflatable retraction device 205 comprises 
a stack of toroidal balloons 211 made of a suitable elastomeric or non-elastomeric 
15 flexible material. The diameter of the toroidal balloons increases in the distal 
direction to prevent the inflatable retraction device from reducing the field of 
view of the optical assembly 203. 

Alternatively, the version of the inflatable retraction device 205 shown in 
figure 12B can be made from two sector-shaped pieces of an inelastic flexible 
20 material 213 and 215, respectively. Opposing straight sides of each piece of 
material are connected together to form a truncated cone. The truncated cone 
formed from material 213 is placed over the truncated cone made from the 
material 215, and the curved sides of the truncated cones are joined together. 
The slanting sides of the truncated cones are also tacked together with the tacks 
25 217 to give the resulting hollow frustum substantially parallel inner and outer 
slanting sides. 

The self-retracting endoscope 201 is supplied with the inflatable retraction 
device packed in a collapsed condition 219 flat against the outer surface 207 of 
the optical assembly 203, as shown in figure 12C. An alternative construction of 
30 the self-retracting endoscope 201 for use in an insufflated body cavity is shown 
in figure 12D. The optical assembly 203 includes a waisted portion 221 that 
accommodates the inflatable retraction device in its collapsed state 219 within the 
overall diameter of the optical assembly. The optical assembly 203 also 
accommodates the inflation tube 209 internally so that the self-retracting 
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. endoscope 201 has a substantially constant circular cross-section that can form a 
seal with the gas-tight port of a trocar tube. 

(b) Method of Using the Self-Retracting Endoscope 
The method according to the invention of using the self-retracting endoscope 
5 201 according to the invention to make observations within a body cavity is 
illustrated in figure 12E, in which the endoscope is used to observe the gall 
bladder. An incision I is made in the abdominal wall BW. A trocar tube T is 
inserted and the abdomen is insufflated using known techniques to provide 
working space. The self-retracting endoscope 201 is inserted into the abdomen 
10 through the gas-tight port P on the trocar tube T and is advanced past the bowel 
B and under the liver L into the vicinity of the gall bladder GB. 

With a conventional endoscope, part of the gall bladder can be observed, but 
attempts to see the gall bladder as a whole are thwarted by the liver L. When 
the conventional endoscope is drawn away from the gall bladder GB to obtain a 
15 view of the gall bladder as a whole, the liver drops back into place and obstructs 
the view. 

In the method according to the invention of using the self-retracting endoscope 
201 according to the invention, the distal tip of the endoscope is placed close to 
the surface of the gall bladder GB, and a source of inflation gas (not shown) is 

20 attached to the inflation tube 209. The inflation gas pressure is gradually 
increased to expand the inflatable retraction device 205. As the inflatable 
retraction device 205 expands, it pushes the distal tip of the endoscope away from 
the gall bladder, enlarging the field of view, and retracting the liver to prevent 
the liver from obstructing the view of the gall bladder. 

25 After the observations have been made, the inflation pressure in the inflatable 
retraction device 205 is released to collapse the inflatable retraction device. The 
inflatable retraction device is then evacuated to retract it fully. The distal tip of 
the self-retracting endoscope 201 can then be moved to a different observation 
site (if accessible from the incision I) and the inflation-observation-deflation 

30 sequence is repeated. In some circumstances, it may not be necessary to deflate 
the inflatable retraction device to change the observation site. 
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(c) Self-Retracting Endoscope with Mechanical Retractor 
A self-retracting endoscope with a mechanical retractor according to the fourth 
aspect of the invention is shown in figures 12F and 12G. The self-retracting 
endoscope 201 comprises a substantially tubular optical assembly 203 and an 
5 expandable mechanical retractor 223. The optical assembly 203 can be the same 
as the optical assembly used in known optical or video endoscopes. 

The expandable mechanical retractor 223 comprises a fixed hub 225 and a 
slidable hub 227. The fixed hub 225 and the slidable hub 227 are interconnected 
by a plurality of springy metal or plastic strips or wires 229. In the preferred 

10 embodiment, optical quality transparent strips are used. The fixed hub 225 is 
affixed to the extension 231 on the distal end of the optical assembly 203. The 
extension 231 can be a plurality of thin, stiff wires, or can be a hollow cylinder 
of a transparent plastic. The expandable mechanical retractor is expanded by 
sliding the slidable hub 227 axially along the outer surface 207 of the optical 

15 assembly by a suitable mechanism (not shown). The mechanism allows the 
slidable hub to be locked in position to keep it in its expanded condition. In its 
expanded condition, the expandable mechanical retractor retracts organs 
obstructing the field of view from the distal end of the optical assembly. 

Figure 12F shows the expandable mechanical retractor in its collapsed 

20 condition with the strips 229 of the retractor lying substantially parallel to the 
outer surface 207 of the optical assembly. The self-retracting endoscope is 
inserted into the body in this state. Figure 12G shows the expandable mechanical 
retractor 223 in its expanded condition. The slidable hub 227 has been slid in 
the distal direction axially along the outer surface 207 of the optical assembly 

25 203 and has been locked in place. This causes the strips 229 to move radially 
outwards to form the structure shown in figure 12G, which retracts organs or 
tissues that would otherwise obstruct the view from the optical assembly. 
Observations are carried out looking though the strips 229 and the extension 231. 
After observations have been completed, the slidable hub 227 is slid proximally 

30 along the outer surface 207 of the optical assembly to return the expandable 
retractor to its collapsed condition so that the self-retracting endoscope can be 
withdrawn from the body cavity. 
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5. Insertion Tube 

Inflatable retraction devices in their collapsed state have conventionally been 
packed in a substantially cylindrical package for insertion into the body prior to 
deployment. The cylindrical package has conventionally been introduced into the 
5 body by pushing it through a suitably-sized trocar tube or introducer sleeve. If 
the outside diameter of the package has been close to the diameter of the 
diameter of the bore of the trocar tube, there is a tendency for the package to 
stick in the bore of the trocar tube. Pushing the package harder causes the 
package to buckle, and wedges the package more firmly. An insertion tube 
10 according to a fifth aspect of the invention draws the packaged retraction device 
into the body and avoids problems with the package sticking. 

(a) Insertion tubes 
The most basic form of the insertion tube 241 according to the fifth aspect of 
the invention is shown in figure 13A. The insertion tube 241 comprises a tube 
15 243 and a string 249 having a first end 251 and a second end 253. The first end 
251 of the string passes distally outside the tube 243. At the distal end 244 of 
the tube, the first end of the string passes into the bore 247 of the tube, passes 
proximally through the bore, and emerges from the proximal end 246 of the tube. 
The first end 251 of the string is attached to the proximal end 255 of the 
20 packaged inflatable retraction device 257. To reduce friction between the string 
249 and the distal end 244 of the tube, the tube 243 should have a relatively 
thick wall, and the distal end 244 should be rounded. A radial groove can be 
made in the distal end to locate the string, if desired. 

A less basic form of the insertion tube 241 according to the fifth aspect of the 
25 invention is shown in figure 13B. The insertion tube 241 comprises a tube 243 
having a small eyelet 245 attached to its distal end 244. The insertion tube 241 
also comprises a string 249 having a first end 251 and a second end 253. The 
first end 251 of the string passes distally through the bore 247 of the tube, 
through the eyelet 245, passes proximally back through the bore, and emerges 
30 from the proximal end 246 of the tube. The first end 251 of the string is 
attached to the proximal end 255 of the packaged inflatable retraction device 257. 

An improved variation of the insertion tube 241 according to the invention is 
shown in figure 13C In the improved variation, the string is contained within the 
insertion tube, unlike the version shown in figure 13A, and the bore 247 of the 
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tube 243 lacks the eyelet 245 that could snag the packaged inflatable retraction 
device 257 in the version shown in figure 13B. The improved version of the 
insertion tube 241 has a narrow-bore tube 255 attached to the outer wall 257 of 
the tube 243. The distal end of the narrow-bore tube extends slightly beyond the 
5 distal end of the tube 243 to aid in ejecting the packaged inflatable retraction 
device 257 from the bore 247. To give the insertion tube a smooth outer wall, 
the tube 243 and the narrow-bore tube 255 are enclosed in an outer tube 259. 

The narrow-bore tube 255 can also be attached to the bore 247 of the tube, 
as shown in figure 13D. This eliminates the need for the outer tube 249. 

10 In the versions of the insertion tube shown in figures 13C and 13D, the first 
end 251 of the string 249 passes distally through the bore of the narrow-bore tube 
255. At the distal end of the narrow-bore tube, the first end of the string enters 
the bore 247 of the tube 243, passes proximally through the bore 247, and 
emerges from the proximal end 246 of the tube. The first end 251 of the string 

15 is attached to the proximal end 255 of the packaged inflatable retraction device. 

(b) Method of Using an Insertion Tube 
The method according to the invention of placing a substantially cylindrical 
package, for example, an packaged inflatable retraction device, into the body using 
an insertion tube according to the invention is as follows. The distal end of the 

20 insertion tube is inserted into the body by inserting it into a trocar tube in place 
in the body. If the body is insufflated, the insertion tube is passed through a gas- 
tight port on the trocar tube, and is fitted with a gas-tight port itselt The 
insertion tube is manipulated to bring its distal end close to the point at which 
it is desired to deposit the inflatable retraction device. The first end 251 of the 

25 string is attached to the proximal end 255 of the packaged inflatable retraction 
device. The distal end of the packaged inflatable retraction device is inserted into 
the proximal end of the bore 247 of the tube, and the packaged inflatable 
retraction device is pushed into the bore of the tube as far as it will go. 

The insertion tube 241 is then grasped with one hand and the second end 253 

30 of the string is grasped with the other. The second end of the string is then 
pulled proximally to draw the packaged inflatable retraction device through the 
bore 247 of the tube. Because the first end 251 of the string is attached to the 
proximal end 255 of the packaged retraction device, a final pull on the second 
end 253 of the string ejects the packaged inflatable retraction device from the 
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bore of the tube. The insertion tube 241 is then withdrawn from the trocar tube, 
and the inflatable retraction device is released from its packaging. This also 
detaches the string 249 from the inflatable retraction device. The string 249 and 
the packaging are withdrawn from the body through the trocar tube. The 
5 inflatable retraction device is then deployed in the normal way. 
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We claim: 

1. Apparatus for retracting an organ inside the body to gain access to an 
adjacent tissue, the apparatus comprising: 

a first inflatable means for retracting the organ when the first inflatable 
means is inflated to an expanded condition, the first inflatable means having a 
5 first envelope; 

means for selectively inflating the first inflatable means into an expanded 
condition while in place in the body; 

a non-pressurized chamber inside the first inflatable means, the non- 
pressurized chamber having a second envelope attached to part of the first 
10 envelope; 

a second inflatable means, operably associated with the non-pressurized 
chamber, for expanding the non-pressurized chamber into an expanded 
condition when the second inflatable means is inflated; and 

means for selectably inflating the second inflatable means. 

2. The apparatus of claim 1, wherein the second inflatable means has a 
cage structure, 

3. The apparatus of claim 1, wherein the second inflatable means includes a 
toroidal balloon. 

4. The apparatus of claim 1, further comprising a port means for providing 
a substantially gas-tight passage through which an object can pass into the non- 
pressurized chamber from the first inflatable means. 

5. The apparatus of claim 4, wherein the port means is additionally for 
providing: 

(a) a substantially gas-tight seal around an object inserted into the passage, 
and 

5 (b) a substantially gas-tight seal when the object is removed from the 
passage, 

whereby the first inflatable means is maintained in its expanded condition. 
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6. The apparatus of claim 4, wherein at least part of the second envelope 
comprises an elastomeric material, the elastomeric material providing the port 
means. 

7. The apparatus of claim 1, wherein the non-pressurized chamber includes 
a duct passing through the first inflatable means. 

8. The apparatus of claim 1, wherein the first envelope comprises an 
elastomeric material. 

9. The apparatus of claim 1, wherein: 

(a) the non-pressurized chamber is a first non-pressurized chamber, 

(b) the apparatus further comprises: 

(1) an additional non-pressurized chamber; and 
5 (2) an third inflatable means, operably associated with the additional 

non-pressurized chamber, for expanding the additional non-pressurized 
chamber into an expanded condition when the third inflatable means is 
inflated; and 

(c) the means for inflating the second inflatable means is additionally for 
10 inflating the third inflatable means, the means for inflating the second 

inflatable means inflating the second inflatable means or the third inflatable 
means depending on the positions of the first non-pressurized chamber and the 
additional non-pressurized chamber relative to the tissue when the first 
inflatable means is inflated. 
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10. A method of retracting an organ inside the body to gain access to an 
adjacent tissue, the method comprising: 

(a) providing an inflatable retractor, comprising: 

(1) a first inflatable chamber having a first envelope, 
5 (2) a non-pressurized chamber inside the first inflatable chamber, the 

non-pressurized chamber having a second envelope attached to part of the 
first envelope, and 

(3) a second inflatable chamber operably associated with the non- 
pressurized chamber; 
10 (b) placing the inflatable retractor in a collapsed condition adjacent to the 
tissue; 

(c) inflating the first inflatable chamber to retract the organ; and 

(d) inflating the second inflatable chamber to expand the non-pressurized 
chamber into an expanded condition. 



11. The method of claim 10, wherein the step of inflating the second 
chamber to expand the non-pressurized chamber into an expanded condition 
comprises: 

inflating the non-pressurized chamber into an expanded condition; 
5 inflating the second inflatable chamber into an expanded condition; and 
deflating the non-pressurized chamber. 

12. The method of claim 11, further comprising: 
providing a cutting instrument; 

providing a substantially gas-tight passage between the first inflatable 
chamber and the non-pressurized chamber; 
5 passing the cutting instrument into the first inflatable chamber; 

passing the cutting instrument through the substantially gas-tight passage 
into the non-pressurized chamber, the substantially gas-tight passage forming a 
substantially gas-tight seal with the cutting instrument; and 

piercing by means of the cutting instrument an aperture in the first 
10 envelope to gain access to the tissue. 
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13. The method of claim 12, further comprising pulling the tissue through 
the aperture into the non-pressurized chamber. 

14. The method of claim 12, further comprising: 
providing a surgical instrument; and 

treating the tissue by passing the surgical instrument through the aperture. 

15. The method of claim 10, further comprising pulling the tissue through 
an aperture in the first envelope into the non-pressurized chamber. 

16. The method of claim 10, further comprising: 
providing a surgical instrument; 

passing the surgical instrument into the non-pressurized chamber; and 
treating the tissue by passing the surgical instrument from the non- 
5 pressurized chamber through an aperture in the first envelope. 

17. The method of claim 16, further comprising: 

providing a substantially gas-tight port between the first inflatable chamber 
and the non-pressurized chamber; and wherein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 includes passing the surgical instrument through the substantially gas-tight port 

18. The method of claim 16, further comprising: 

providing a duct between the non-pressurized chamber and the first 
envelope; and wherein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 includes passing the surgical instrument through the duct. 

19. The method of claim 10, wherein the non-pressurized chamber includes 
a duct passing through the first inflatable chamber, and the method further 
comprises: 

providing a cutting instrument; 
5 passing the cutting instrument through the duct into the non-pressurized 
chamber; and 

piercing by means of the cutting instrument an aperture in the first 
envelope to gain access to the tissue. 
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20. The method of claim 19, further comprising pulling the tissue through 
the aperture into the non-pressurized chamber. 

21. The method of claim 19, further comprising: 
providing a surgical instrument; and 

treating the tissue by passing the surgical instrument through the aperture. 

22. The method of claim 10, wherein: 

the step of inflating the first inflatable chamber inflates the first inflatable 
chamber to a pressure in the range of 0.14 to 028 kilo-Pascals; 

the step of inflating the second inflatable chamber inflates the second 
5 inflatable chamber to a pressure in the range of 1.4 to 3.5 kilo-Pascals; and 

the pressure in the non-pressurized chamber after the step of inflating the 
second inflatable chamber is substantially equal to atmospheric pressure. 

23. A method of retracting an organ inside the body to gain access to an 
adjacent tissue, the method comprising: 

(a) providing an inflatable retractor, comprising: 

(1) a first inflatable chamber having a first envelope, 
5 (2) a non-pressurized chamber inside the first inflatable chamber, the 

non-pressurized chamber having a second envelope attached to part of the 
first envelope, and 

(3) a second inflatable chamber operably associated with the non- 
pressurized chamber; 
10 (b) providing an endoscope having a proximal end and a distal end; 

(c) securing the inflatable retractor in a collapsed condition to the 
endoscope adjacent to the distal end of the endoscope; 

(d) inserting the distal end of the endoscope together with the inflatable 
retractor into the body; 

15 (e) inflating the second inflatable chamber to expand the non-pressurized 
chamber into an at least partially expanded condition; 

(f) manipulating the endoscope while observing through the endoscope to 
locate the non-pressurized chamber adjacent to the tissue; and 

(g) inflating the first inflatable chamber into a fully-expanded condition to 
20 retract the organ. 
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24. The method of claim 23, wherein the step of securing the inflatable 
retractor in a collapsed condition to the endoscope adjacent to the distal end 
of the endoscope includes inserting the distal end of the endoscope into the 
non-pressurized chamber. 

25. The method of claim 23, wherein the step of inflating the second 
chamber to expand the non-pressurized chamber into an expanded condition 
comprises: 

inflating the non-pressurized chamber into an expanded condition; 
5 inflating the second inflatable chamber into an expanded condition; and 
deflating the non-pressurized chamber. 

26. The method of claim 25, further comprising: 
providing a cutting instrument; 

providing a substantially gas-tight passage between the first inflatable 
chamber and the non-pressurized chamber; 
5 passing the cutting instrument into the first inflatable chamber; 

passing the cutting instrument through the substantially gas-tight passage 
into the non*pressurized chamber, the substantially gas-tight passage forming a 
substantially gas-tight seal with the cutting instrument; and 

piercing by means of the cutting instrument an aperture in the first 
10 envelope to gain access to the tissue. 

27. The method of claim 26, further comprising pulling the tissue through 
the aperture into the non-pressurized chamber. 

28. The method of claim 26, further comprising: 
providing a surgical instrument; and 

treating the tissue by passing the surgical instrument through the aperture. 



29. The method of claim 23, further comprising pulling the tissue through 
an aperture in the first envelope into the non-pressurized chamber. 
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30. The method of claim 23, further comprising: 
providing a surgical instrument; 

p assing the surgical instrument into the non-pressurized chamber; and 
treating the tissue by passing the surgical instrument from the non- 
5 pressurized chamber through an aperture in the first envelope. 

31. The method of claim 30, further comprising: 

providing a substantially gas-tight port between the first inflatable chamber 
and the non-pressurized chamber; and wherein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 includes passing the surgical instrument through the substantially gas-tight port. 

32. The method of claim 30, further comprising: 

providing a duct between the non-pressurized chamber and the first 
envelope; and wherein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 includes passing the surgical instrument through the duct 

33. The method of claim 23, wherein the non-pressurized chamber includes 
a duct passing through the first inflatable chamber, and the method further 
comprises: 

providing a cutting instrument; 
5 passing the cutting instrument through the duct into the non-pressurized 
chamber; and 

piercing by means of the cutting instrument an aperture in the first 
envelope to gain access to the tissue. 

34. The method of claim 33, further comprising pulling the tissue through 
the aperture into the non-pressurized chamber. 



35. The method of claim 33, further comprising: 
providing a surgical instrument; and 

treating the tissue by passing the surgical instrument through the aperture. 
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36. Apparatus for retracting an organ inside the body to gain access to an 
adjacent tissue, the apparatus comprising: 

a main inflatable chamber having an envelope of an elastomeric material; 

means for selectively inflating the main inflatable chamber while in place 
5 within the body to retract the organ into a retracted condition; 

maintaining means, operatively associated with the main inflatable chamber, 
for maintaining the organ in its retracted condition after the main inflatable 
chamber is deflated. 

37. The apparatus of claim 36, wherein the maintaining means comprises an 
additional inflatable chamber. 

38. The apparatus of claim 37, wherein the additional inflatable chamber is 
outside the main inflatable chamber. 

39. The apparatus of claim 38, wherein the additional inflatable chamber 
comprises a cage-like structure. 

40. The apparatus of claim 37, wherein the additional inflatable chamber 
comprises a cage-like structure. 

41. The apparatus of claim 36, wherein: 

the maintaining means comprises a plurality of strips of a malleable 
material arranged to form the curved surface of a cylinder, and 

the main inflatable chamber is inside a space bounded by the curved 
5 surface of the maintaining means. 

42. The apparatus of claim 36, wherein the maintaining means comprises: 
a first hub and a second hub, each hub being cylindrical and having a 

curved outer surface; and 

a plurality of strips of a malleable material, each strip having a first end 
5 and a second end, the first end being attached to the curved outer surface of 
the first hub, and the second end being attached to the curved outer surface of 
the second hub. 
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43. The apparatus of claim 36, wherein the maintaining means comprises a 
hollow cylinder of a malleable material, the hollow cylinder having a curved 
sidewall, a first end, and a second end, the curved sidewall being pierced by a 
plurality of longitudinal cuts extending from a point adjacent to the first end to 

5 a point adjacent to the second end to provide a plurality of strips 
interconnecting the first end and the second end. 

44. A method of retracting an organ inside the body to gain access to an 
adjacent tissue, the method comprising: 

(a) providing a main inflatable chamber and a maintainer; 

(b) assembling the maintainer and the main inflatable chamber; 

5 (c) placing the maintainer and main inflatable chamber assembly in a 
collapsed condition adjacent to the organ; 

(d) inflating the main inflatable chamber to retract the organ into a 
retracted condition; 

(e) expanding the maintainer to maintain the organ in its retracted 
10 condition; and 

(f) deflating the main inflatable chamber. 

45. The method of claim 44, further comprising removing the main 
inflatable chamber from the body. 

46. The method of claim 44, wherein 

the step of assembling the maintainer and the main inflatable chamber 
includes placing the maintainer inside the main inflatable chamber, and 

the step of expanding the maintainer to maintain the organ in its retracted 
5 condition includes inflating the maintainer. 

47. The method of claim 44, wherein 

the step of assembling the maintainer and the main inflatable chamber 
includes placing the main inflatable chamber inside the maintainer, and 

the step of expanding the maintainer to maintain the organ in its retracted 
5 condition includes further inflating the main inflatable chamber. 
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48. The method of claim 44, wherein 

the step of assembling the maintainer and the main inflatable chamber 
includes placing the main inflatable chamber inside the maintainer, and 

the step of expanding the maintainer to maintain the organ in its retracted 
5 condition includes inflating the maintainer, 

49. A method of inflating an inflatable retraction device, the method 
comprising: 

providing an inflatable retraction device having a main inflatable chamber 
and an additional inflatable chamber, 
5 providing a slurry of a particulate solid in a liquid; 
inflating the main inflatable chamber; 
inflating the additional inflatable chamber with the slurry; 
removing the liquid from the additional inflatable chamber, leaving the 
particulate solid behind; and 
10 compacting the particulate solid to form a substantially rigid structure, 

50. The method of claim 49, wherein 

the particulate solid has particles of greater than a predetermined size; and 
the step of removing the liquid from the additional chamber leaving the 
particulate sold behind includes: 
5 providing a filter having a mesh smaller than the size of the particles of 

the particulate solid, and 

pumping the liquid from the additional inflatable chamber through the 
filter. 

51. The method of claim 49, wherein the step of compacting the particulate 
solid to form a rigid structure includes evacuating the additional inflatable 
chamber. 

52. The method of claim 49, wherein the step of compacting the particulate 
solid to form a rigid structure includes heating the particulate solid. 

53. The method of claim 49, wherein the step of compacting the particulate 
solid to form a rigid structure includes cooling the particulate solid. 
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54. Apparatus for observing a tissue inside the body, the apparatus 
comprising: 

optical means for observing the tissue, the optical means having a 
substantially cylindrical structure, and a distal end that is inserted into the 
5 body; 

retraction means for retracting an organ adjacent to the tissue that would 
otherwise obstruct observation of the tissue, the retraction means being 
attached to the optical means adjacent to the distal end of the optical means, 
and being in a collapsed condition when the distal end of the optical means is 
10 inserted into the body; and 

means for expanding the retraction means inside the body. 

55. The apparatus of claim 54, wherein 

the retraction means includes an inflatable chamber, and 
the means for expanding the retraction means inside the body includes 
means for inflating the inflatable chamber. 

56. The apparatus of claim 55, wherein the inflatable chamber 
has a hollow frustroconical shape, 

is substantially concentric with the optical means, and 
has a diameter that increases distally. 

57. The apparatus of claim 55, wherein 

the inflatable chamber comprises a stack of inflatable toroidal balloons 
having progressively increasing diameters. 

58. The apparatus of claim 54, wherein, 
the retraction means comprises: 

a transparent collar attached to the distal end of the optical means, 
a collar slidably mounted on the optical means, 
5 a plurality of elongate flexible members attached to the transparent 

collar and to the collar, and 

the means for expanding the retraction means includes means for sliding 
the collar along the optical means towards the transparent collar. 
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59. The apparatus of claim 58, wherein the elongate flexible members are 
strips of a transparent plastic. 

60. The apparatus of claim 58, wherein the elongate flexible members are 
wires. 

61. Apparatus for inserting into the body a substantially cylindrical object 
having a proximal end and a distal end, the apparatus comprising: 

an elongate tubular member having a bore, the bore slidably receiving the 
object and having a proximal end and a distal end; 
5 a string passing from the proximal end to the distal end of the tubular 
member inside the bore, and returning to the proximal end of the tubular 
member; 

means on the portion of the string passing inside the bore to enable the 
string to be attached to the proximal end of the object 

62. The apparatus of claim 61, wherein the string returns to the proximal 
end of the tubular member outside the bore. 

63. The apparatus of claim 61, further comprising: 

an eyelet at the distal end of the tubular member; and wherein 
the string passes through the eyelet, and returns to the proximal end of the 
tubular member through the bore. 

64. The apparatus of claim 61, wherein 

the elongate tubular member is a first elongate tubular member; 
the bore of the first elongate tubular member is a first bore; 
the apparatus further comprises a second elongate tubular member attached 
5 to the first elongate tubular member, the second elongate tubular member 
having a second bore; and wherein 

the string returns to the proximal end of the first elongate tubular member 
through the second bore. 



65. The apparatus of claim 64, wherein the second elongate tubular 
member is inside the first bore. 
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66. The apparatus of claim 64, wherein the second elongate tubular 
member is outside the first bore. 

67. The apparatus of claim 64, wherein 

the second elongate tubular member has a distal end, and 
the distal end of the second elongate tubular member projects beyond the 
distal end of the first elongate tubular member. 

68. A method of inserting into the body a substantially cylindrical object 
having a proximal and a distal end, the method comprising: 

(a) providing an insertion tube comprising: 

(1) an elongate tubular member having a distal end and a bore, the 
5 bore having a proximal end and a distal end, 

(2) a string passing from the proximal end to the distal end of the 
elongate tubular member inside the bore, and returning to the proximal end 
of the elongate tubular member; 

(b) attaching the string passing inside the bore to the proximal end of the 
10 object; 

(c) inserting the distal end of the object into the proximal end of the bore; 

(d) inserting the distal end of the elongate tubular member into the body; 
and 

(e) pulling on the string returning to the proximal end of the elongate 
15 tubular member to draw the object through the bore. 

69. The method of claim 68, wherein 

the object is an inflatable retraction device in a collapsed condition, and 
the inflatable retraction device is for retracting an organ; 

the step of inserting the distal end of the elongate tubular member into the 
5 body includes placing the distal end of the elongate tubular member adjacent 
to the organ, and 

the step of pulling the string returning to the proximal end of the elongate 
tubular member additionally includes ejecting the inflatable retraction device 
from the bore adjacent to the organ. 
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